Objective To evaluate the effects of environmental factors and microRNAs (miRNAs) (miR-126, miR-143, and miR-145) on the risk of coronary heart disease (CHD). Methods A frequency-matched case-control study (450 patients, 450 controls) was conducted from April 2014 to December 2016 in Fuzhou City, China. Environmental factors were investigated using a self-administered questionnaire, and the expression levels of miR-126, miR-143, and miR-145 were determined by quantitative real-time Polymerase Chain Reaction (PCR) in peripheral blood mononuclear cells. Unconditional logistic regression models were used for statistical evaluation. Results Alcohol consumption, high-salt diets, high-intensity work, and lack of physical activity were significantly associated with increased CHD risk, whereas light diet was significantly associated with decreased risk. MiR-126, miR-143, and miR-145 were highly expressed in the CHD group compared with the control group. After adjustment for other environmental factors, unconditional logistic regression results revealed that miR-126, miR-143, and depression were the independent risk factors of CHD, and light diet was the independent protective factor of CHD. Conclusions Our data suggest that a family history of CHD, anxiety, and alcohol consumption was significantly associated with increased CHD risk, whereas light diet was significantly associated with decreased risk. Furthermore, miR-126 and miR-143 in combination with several risk factors, could play a joint role in the development of CHD. Therefore, it is necessary to manage patients with CHD in all directions and multiple level.
Introduction


Coronary heart disease (CHD) remains to be the leading cause of death worldwide, including China; in particular, the elderly population shows an increased rate of mortality and morbidity. [1, 2] CHD is caused by the formation of atherosclerotic plaques and can progress to myocardial ischemia as a result of thrombosis or atherosclerosis. [3, 4] The pathogenesis of CHD may involve a consequence of environmental, genetic, and epigenetic interactions. It is well known that environmental factors included lifestyle factor, family history, psychologic status and so on in epidemiology. Furthermore, smoking, alcohol consumption, working strength, dietary habits, and physical activity are all belong to lifestyle factors. At present, besides environmental factors, novel risk factors such as microRNAs (miRNAs) are accepted as decisive factors to fully understand the development and progression of CHD. Recent evidence and previous microarray analysis show that as novel biomarkers for cardiovascular diseases, miRNAs may be the risk factors of CHD. [5] MiRNAs represent a class of 20 to 25 nucleotide-long, http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology highly conserved, endogenous, non-protein-coding RNAs; MiRNAs mainly target the 3′-UTR of an mRNA to regulate gene expression at the post-transcriptional level by inhibiting the translation of a protein or by promoting mRNA degradation. [6, 7] MiRNAs have now emerged as master regulators in various biological processes, including cardiac growth, vascular development, and angiogenesis. [8, 9] Thus, the evaluation of miRNAs may be used to identify patients at risk of CHD. [4, 10] The endothelial-specific miR-126 is the most abundant miRNA found in adult endothelial cells (ECs) and is involved in endothelial dysfunction and inflammation. [11] Studies have illustrated that miR-126 can increase the EC response to vascular endothelial growth factor (VEGF) and partly improve angiogenesis to directly repress negative regulators via the pathway of VEGF through mechanism by sproutyrelated protein 1 and phosphoinositol-3-kinase regulatory subunit 2. [12, 13] Zinc finger transcription factor, klf2, was a possible candidate gene responsible for VEGF signaling. MiR-126 acts downstream of klf2 to induce flow-stimulated angiogenesis in endothelial cells. [14] MiR-143 and miR-145 are considered the key regulators of contractile phenotypes and are abundantly expressed in smooth muscle cells (SMCs). [15, 16] MiR-145 may trigger the reprogramming of various non-SMC cell types into SMC-like cells characterized in part by increasing myocd protein and functioning in a feed-forward reinforcement of its own expression by the SRF-myocd complex, whereas miR-143 represses myocd's competitor, Elk-1. [17] The antiatherosclerotic effects between ECs and SMCs were commanded by miRNAs. [14] After hunting for cardiovascular disease in bioinformatics database, several miRNAs, associated with the pathogeny of CHD, interested us. [18, 19] Moreover in our preliminary study and microarray analysis, miR-126, miR-143, and miR-145 were revealed to be differentially expressed between CHD and control group. In particular, these three miRNAs are all play a major role in cardiac growth, vascular development, and angiogenesis. However, there are no final verdict on whether these miRNAs are associated with CHD or not and the relationship among environmental factors, these three miRNAs, and CHD is not completely confirmed in humans. Our present work aims to explore the effects of environmental factors and miRNAs (miR-126, miR-143, and miR-145) in peripheral blood mononuclear cells (PBMCs) and their interactions on the risk of patients with CHD.
Methods
Informed consent
Our study was approved by the institutional ethical committees of Fujian Medical University according to the requirements of the Declaration of Helsinki, and written informed consent was obtained from each participant.
Study population
A frequency-matched case control study included data from two institutions, including the First Affiliated Hospital of Fujian Medical University and Affiliated People's Hospital to Fujian University of TCM in Fujian, China, between April 2014 and December 2016. The included CHD met the following criteria: (1) present cardiac catheterization-confirmed significant stenosis (≥ 50%) of > 1 major coronary artery; (2) documented history of prior myocardial infarction (MI); (3) documented history of a prior coronary revascularization procedure (percutaneous coronary intervention or coronary artery bypass graft); (4) patients in the stable stage after acute MI; and (5) patients with ST-segment elevation/depression on ECG. Subjects with congenital heart disease, valvular disease, cardiomyopathy, somatization disorder, renal or hepatic disease, and insufficient knowledge of the Mandarin language were excluded from the study.
Healthy subjects without medical history of cardiovascular diseases were matched with CHD group in age and sex and selected as the control group after physical health examination at the hospital.
Questionnaire survey
A standard questionnaire was given to CHD and control groups by specially trained interviewers. Questions covered demographic characteristics (sex, age, occupation, education level, and marital status), lifestyle factors (smoking, alcohol consumption, working strength, and physical activity, dietary habits), family history of cardiovascular diseases, and social psychological factors. In addition, demographic characteristics including sex, age, education level, and marital status act as the balanced factors in our study. Smokers (current and previous) and nonsmokers (never) were classified based on self-report. Previous smokers were categorized as having smoked more than 100 cigarettes in a lifetime. Alcohol consumption was classified as standard drinks per day based on intake of beer, wine, and liquor combined (one standard drink containing 12 g ethanol). [20] Even tea drinking was defined as drinking a minimum of 1 cup of green tea per week for more than 6 months. Active exercise participants were defined as those who exercised at least 20 min once a week, whereas passive exercise was excluded. The recorded waist-hip ratio (WHR) and body mass index (BMI) were used to measure the presence of being overweight and obese. BMI = weight (kg) / [height (m)] 2 (Underweight: BMI of less than 18.5, normal weight: BMI of Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com 18.5 to 24.9, overweight: BMI of 25 to 29.9, obese: BMI of 30 or more). WHR = waist/hip. (Women: normal weight: WHR of less than 0.85, obesity: WHR of 0.85 or more; Men: normal weight: WHR of less than 0.90, obesity: WHR of 0.90 or more). Self-rating depression scale (SDS) and self-rating anxiety scale (SAS) were used to evaluate the psychologic status of all participants. SDS and SAS scores were obtained by summing up the 20 questions according to how they felt during the last seven days. Item responses are ranked from 1 to 4. A cut-off value of 53 or more implies clinically relevant depression, and 50 or more suggests anxiety. [21] 
Blood samples
Approximately 2 mL of venous blood samples was collected from each participant for plasma removal. According to manufacturer instructions, the blood sample was gently overlaid on lymphocyte separation medium [22] (Hao Yang Biological Manufacture CO., Ltd., Tianjin, China) for a second centrifugation to obtain the peripheral blood mononuclear cells (PBMCs) and then stored at −80 °C prior to RNA extraction. All blood samples were subjected to only one freeze-thaw cycle.
RNA extraction
According to a modification of manufacturer instructions, the total RNA was extracted from PBMCs [22] by using the TRIzol reagent (Invitrogen, California, USA) and was subsequently eluted in 30 µL of nuclease-free water. In brief, the total RNA samples were quantified by an ND-2000 NanoDrop ultraviolet spectrophotometer. The OD 260 /OD 280 readings were between 1.8 and 2.0, indicating sufficient purity of the RNA samples, and the concentration of RNA was obtained. The use of agarose gel electrophoresis to identify RNA showed three bands (28S, 18S, and 5S). The brightness of the 28S band was approximately twice as much as the 18S band, implying that RNA was not degraded.
The cDNA synthesis and quantitative real-time PCR
A total of 1 µg RNA was placed into a total volume of 20 µL reverse transcribed reaction to generate cDNA by using PrimeScript RT reagent Kit (miRNAs) (Takara Bio Inc., Shiga, Japan). Quantitative real-time PCR was used to measure the expression levels of miR-126, miR-143, and miR-145 previously demonstrated to be associated with CHD, which was performed on the Light Cycler 480 real-time PCR system. The SYBR ® Premix Ex Taq TM kit (Takara Ⅱ Bio Inc., Shiga, Japan) and specific PCR primers of miRNAs (Sangon Biotech Co., Ltd., Shanghai, China) were used for the quantification of miRNAs at 95 °C for 30 s, 96 °C for 5 s, 60 °C for 34 s, 40 cycles; 95 °C for 15 s and 60 °C for 1 min; dissolution curve, 95 °C for 15 s, one cycle. The primer sequences used are listed in Table 1 . Experiments were performed in triplicate samples. In our experiment, the detection limit of the Ct value was defined as 40. All samples were normalized to internal controls (U6), and the relative expression level was calculated through 2 −ΔΔCt analysis method. [23, 24] 
Statistical analyses
All statistical analyses were performed using SPSS 21.0 software (IBM, Tokyo, Japan). The continuous variables were expressed as mean ± SD or median (25th-75th quartile) and discrete variables as percentages. Distribution differences were examined by the chi-square test for categorical variables or two-tailed Student's t-test for normally distributed data as well as the Mann-Whitney U test for skewed data. The odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated by unconditional binary logistic regression analyses (Forward Selection: Likelihood Ratio) to assess the association between CHD and risk factors. A P-value < 0.05 (two-tailed) was considered significant.
Results
Demographic characteristics of the study population
Among 900 subjects, 50.0% were CHD patients, 50.1% were women, and the mean age was 65.23 ± 9.83 years (range, 40-100 years). Associations between demographic characteristics and CHD are shown in Table 2 . No significant differences were found in terms of gender, age, marital status, and education background between CHD and control groups (all P > 0.05), indicating that the frequency matching was adequate. Table 3 shows associations between lifestyle factors and risk of CHD. Increased CHD risk was associated with alcohol consumption, high-salt diets, heavy working strength, and lack of physical activity. Decreased risk of CHD was associated with light diets. In addition, statistically significant differences in smoking, tea drinking, oiliness diets, and sweet diets were found between two groups (P > 0.05). Differences in family history of hypertension, diabetes, CHD, and stroke between two groups were not statistically significant (all P > 0.05; Table 4 ). Persons with current anxiety or depression disorders showed an increased prevalence of CHD (Table 5) , and similar trends were observed with BMI and WHR (Table 6 ), both presenting statistically significant Thus, a total of four environmental factors were selected for the evaluation of their interactions with miRNAs in the risk of CHD.
Associations between environmental factors and CHD risk
Possible interactions between miRNAs and environmental factors in CHD risk
To gain certain insight into the direction of the association between miRNAs and CHD, we respectively selected 70 patients (the capacity of sample had been calculated in advance) both have blood sample and questionnaire from CHD and control groups as RT-PCR research subjects. The data were expressed by median (25th-75th quartile) and showed that the expression levels of miR 
Discussion
As one of the leading causes of hospitalization and death worldwide, CHD is also prevalent among the Chinese Figure 1 . Expression levels of miR-126, miR-143, and miR-145 in PBMCs between CHD and control groups (*P < 0.05, **P < 0.01 compared with control groups). CHD: coronary heart disease; PBMC: peripheral blood mononuclear cell. population. Although the pathogenesis of CHD is not fully elucidated, accumulative epidemiologic evidence has shown that genetic and environmental factors play crucial roles in it etiology. In general, in case control studies, a potential gene-environment interaction is assessed. Our results show that the association between the miR-126 and miRNA-143 and CHD was modified by light diet and depression. In addition, light diet is the independent protective factor of CHD, and depression, miR-126, and miRNA-143 were the independent risk factors of CHD. Diet is an important environmental factor in determining serum cholesterol and glucose. Our current study presents that light diet is an independent risk factor for CHD. Seven countries noted that Japan, which consumed a low-sugar, low-fat diet, presented the lowest serum cholesterol and CHD mortality, whereas the United States and Finland, with diets including large amounts of refined carbohydrates and fat, presented the highest serum cholesterol and the highest CHD mortality. [25] Therefore, light diet is considered an obtainable defense against CHD and contributed to longterm health. In addition, depression as a mental disease has been previously shown to influence CHD.
Depression is accompanied by a number of pathophysiological processes, including inflammation, over-activation of norepinephrine and hypothalamic-pituitary-adrenal axis, and elevated sympathetic nervous system activity, which can cause hypertension, coronary artery spasm, endothelial injury, and hemodynamic change. This state could also enhance the risk of thrombosis by platelet excessive activation and promote or aggravate the symptoms of CHD. [26] In the present study, we found that compared with control group, the depression population had a 4.60-fold increased risk of CHD. These findings are consistent with a recent report by Watkins L, et al. [27] who found that depression was independently associated with a twofold increased risk of allcause mortality. To prevent CHD occurrence and development effectively, residents should refer to the social-environment-psychological-biological medical model for management and guidance of the risk factors of CHD.
Recent works on miRNAs alter our understanding on the regulation of CHD. In our present study, miR-126 was upregulated in the PBMCs of CHD patients compared with control groups, whereas several studies reported that this miRNA is downmodulated in serum or in plasma of CHD patients. Among the three miRNAs selected for current analysis, miR-126 promotes angiogenesis by inhibiting suppressors of the PI-3 kinase pathway, namely, Spred-1 and PI-3 kinase regulatory subunit two, resulting in VEGFand FGF-induced endothelial cell proliferation and tube formation. [11, 13, 28] In addition, with the increase in miR-126, VCAM-1, the target gene of miR-126, was reduced through TNF-α, which can control vascular inflammation and resist atherosclerosis progression. No significant difference in plasma miR-126 was observed between the two groups, and the approach was unsuitable for discriminating CHD patients from patients without CHD. [29] Based on the observed changes in miR-126 level in association with low density lipoprotein cholesterol (LDL-C), the circulating miRNA levels may reflect a compensatory response to inflammation under hyperlipidemic background. Their study provides insight into the potential role of miR-126 in cholesterol metabolism, which can be used to distinguish between high LDL-C patients with or without CHD. However, other studies show that decreased expression of circulating miR-126 helps lessen atherosclerotic plaque and promotes angiogenesis. [30] Although the expression levels of miR-143 and miR-145 in PBMCs were both significantly elevated compared with that of the control group, only miRNA-143 was the independent risk factors of CHD demonstrated by multiple logistic regression analysis. MiR-143 may be involved in the occurrence of obesity and other related disorders of lipid metabolism, which can promote the differentiation of adipocytes and lipid accumulation. Moreover, increased miR-143 reportedly will promote the proliferation of cardiac fibroblast; after miR-143, the proliferation of fibroblasts was significantly inhibited, suggesting that miR-143 was involved in the regulation of cell proliferation. [31, 32] We presume that the expression of miR-143 indirectly increased due to the independent risk factors of CHD, dyslipidemia, and myocardial fibrosis. This finding is inconsistent with a recent report that miR-143 is downregulated in injured or atherosclerotic vessels and associated with the phenotypic switch from a contractile/quiescent to asynthetic/proliferative phenotype. The same results are also observed in the plasma of patients with coronary artery disease and animal models of atherosclerosis. [33] Inhibition of miR-143 caused a doubling of the proliferative rate of VSMCs, demonstrating the function of miR-143 in negatively regulating VSMC proliferation. In addition, the increased expression levels of miR-126 and miR-143, depression, and light diet entered the logistic regression model simultaneously, which could play a potential gene-environment interaction in the development of CHD.
Detected the expression of circulating miRNAs has many advantages such as high stability, being relatively inexpensive, short analysis time, possibility of repeated sampling and minimal invasiveness, which is ideal for development into diagnostic tests. Circulating miRNAs as early detection, prognostic, and predictive biomarkers have been many studies reported in cancer. [34] Moreover, RT-PCR and mi-Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com croarray technology could allow the multiplexing of several miRNAs in a single experiment, thus improving efficiency. However, several limitations exist which must be taken into consideration. The current commercially available miRNA technology systems fail to show good inter-platform concordance, probably due to a lack of an adequate normalization method and unified standard. [35] Moreover, drug therapy (e.g. antiplatelet treatment) may affect the level of circulating miRNAs (e.g. miR-126 is highly enriched in endothelial cells, also present in platelet at much lower levels) and may act as a confounding factor in case-control studies. [36] Furthermore, inhibition of a specific miRNA as a treatment may be avail to preventing or alleviating the atherosclerosis progression but may adversely affect other organ systems causing immunosuppression, liver damage or even oncogenesis. [37] Therefore, careful monitoring and researching of these interactions among miRNAs, risk factors and disease are essential in order to guarantee a safe application in humans.
Based on the above-described results, our findings suggest that miR-126 and miR-143 may serve as clinical markers for the early prevention and diagnosis of CHD. However, several limitations in our findings may require future research to unravel the mechanisms underlying in different cell or animal experiments. However, the present study determined that the potential prognostic value of these miRNAs may help physicians to enhance the accuracy of clinical diagnosis and prognosis for CHD patients. Residents should limit their alcohol, consume a healthy diet, get regular exercise, and maintain a healthy weight to help reduce their risk for CHD.
In conclusion, our study shows that CHD is the result of combined consequence between environment and heredity. Bad lifestyle, psychological factors and genetic factors are main risk factors of CHD. Furthermore, miR-126 and miR-143 in combination with several risk factors, could play a joint role in the development of CHD. Therefore, it is necessary to manage patients with CHD in all directions and multiple level. Studies with large longitudinal cohort study and functional evaluation are warranted to confirm our findings.
